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Thirty-two infrared absorption bands of nnrbons}‘;l pulfide (OGS hawve bean mensured

and are reportad

here, seventeen for the first time.
molecules were also measured.  Rotational covstants have boen

ven abaorption hands due to igotople

ptarmioer] and the evalus-

tiont of the anharmonicity ennslants is diseossed,

1. Introduction

Although considerable previous work has been
dene on the infrared apectrum of OC3 [1-3],' too
few absorption bands had been messured to allow
a determination of all the anharmonicity constants
of this molecule, This work was undertaken Lo
measure enough bands to enable such & determina-
tion to be made. When combined with previously
published work, the additional bands reported here
should he sufficient to determine the quadratic
anharmonicity congtants provided the Fermi reso-
nange between », and 2w is the only vibrational
periurbation of appreciable size. However, when
the constants were enleulated, it was found that
some of the constants had varying values depending
on the bands used in their determination. This
diserepancy will be discussed in a later section.

2. Experimental Procedurss

The spectra wers measnred on the NBS high-reso-
lution spectrometer which hasa 5x 8 in. grating with
10,000 linesfin. The optical arrangement of the
spectrometer was designed so that the grating could
he wsed double pass for maximum resolution. With
favorable conditions, such as low pressure, the spec-
tremeter will partially resolve lines separated Ly
0.03 cm™.

The high resolution was made posaible by using a
conled Pb3 cell as detector. Furthar details con-
eerning the instrument which wes designed and
built at the Buresv huve been given in o previous
publication [4].

The high resolution measursments at wave-
lengtha preater than 4.5 g were obtained using a
7,500 linesfin. grating and a coolad Ph3e detector.

A multiple reflection gas cell with a path length of
% m was used for the measurements. Various pres-
sures were used although whenever possible pressurcs
of & few mm were employed so that the maximum
resolution could be attained, Some varation of the
gas temperatore was also utilized, Temperatures of

1 Flgurss it brackets Indicate e llteratune redereroes at the end of thls paper,

G0 °C were sometimes used to gid in identification
of lines due to *hot bands.”

The spaectra were meastred by using the frings
svstem of a Fabry-Perot interferometer as a com-
parison spectrum. The fringe syatem and ahsorp-
tion spectrum were recorded simultanecusly by the
uee of a double pen recorder [5]. All wavelengths
measured were reducad t¢ wavenumbers in vacuum.

The cacbonyl sulfide gaz was obinined from the
Matheson Company. It coniained impurities of
(5, COy, and HCN. It was purified by Roland
Florin of the Buresu and the mess spectrometer
analysis of the final product showed it to be about
99.8 percent pure. There were very small amounts
of OS5 (0.297) nnd HCN {0.03%) in the sample.

Thirty-twoe bnnds were measured in the spectral
ranga from 1,890 to 6,100 em™!. Some of these
bands had been mensured by previous workers at
lower resolution, but thoss bands were remeasured
in the attempt to obtain & more consistent set of
en&:lig{levela. The 001-000 transition was meas-
ur v Callomon and Thompson [1]. They re-
ported the band center at 200222 em™. In the
present work the value obtsined was 2082.22 ¢m™!
which is in excellent agtcement. Likewize, the
agreement is vory gol betwesn the value of £101.387
cm”! obiained in thiz work for 2, and the wvalue
4101384 ¢m~! obtained by Saksens, Wiggine, and
Rank (gee ref. 3).

Since the average spacing of the rotational lines
in the bends of a(')gCS iz about 0.4 cm™, the over-
lapping required very good resoluticn to revenl the
trua structure and especially the I-lype doubling.
In figures 1, 2, and 3 are shown the types of ban
obscrved in three regions of the spectrum. In
fgure 1 i3 shown on a slow scan (two ¢m™! per foot
of record) the § branch and part of the P branch
through P10 of the 01'l—000 transition. Owver-
lapping these two hranches is the & branch of the
300—000 traneition. Fipueres 2 aad 3 are records
obtained st 8 much faster seanning rate (1 {t of
recard per 15 em™!). In figure % a number of lines
arising from water vapor of the atmosphere are
auperimposed on the spectrum of OCS5. Theae
wator vapor lines have been identified and marlked
with & sinall sirele on the figure.
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3. Rotational Analysis

The rotational anatysea were made using standard
methods of the type describad by Herzharg [8].
Since v accurate microwave measurements have
been mgl{?; on all the important isotopic speciex of
(C5 in the ground vibrational state and in a number
of the lower lying vibrationsl states [7, 8, 9], no
attempt was made to obtain accurate determinations
of B, Table 1 listz the infrared a tion hands
of 00O3 which have been observed. Thie table alan
includes a tabulation of the observed values of AE.

In general the values of A8 are about what would be
eatimated for the various banda, but the detailed
analysis of the rotational! structure gave somoe AR

values larger of smaller than expected. This
difference may arize from the bands, eiﬁemn_ll} the
e observed

“hot hands,” overlapping thus
position of a line dPngerent fmm the true position.
The microwave rotational data given in referanees
8, and @ have been used wherever applicable to
t "work.
Apparent differences between measured valuea of

o are sufficiently great to warrant investigation of
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the possible effoct of the rotation eonstants quadratie
in ¢ {the 4, terms). Encugh microwave data is
available to sllow saleulation of some of the v torms

defined by
Br]lgng.= Bﬂ'_ 2“1 {V; + Hdl}
+¥¥{1’1 TR et Hdy)

where 32»4=1,23 and d,=d;=1, d»=2. Other ,;
terms mev be evalusted from infrared values of AE.
The resulting coustants obtained in this way are
tabulated in talle 2.

All the +'s which have been found except 53 nre of
tha order of meagnitude which one would cxpect.
Both values found for ¥,; are almost cortainly incor-
rect, The largest value of 4, i5 obiaincd from daia
for the bande »,+#; and 2:8+»;,. The precision of
this data is very good and the deviation is considered
to be somewhat greater than right be expected from
experimental error. Since the band w+wy ie only
18.5 em! from the band », 142, resonance betwean
these two bends might be responsibla for the dis-
creponcy in the rotational constants, even though
the coupling parameter would be expected to be
small. Another possibility is that the “I-typs reso-
nanece” deseribed hy Amat and Niclsen [9a) may be
¢reating an apparent error in the AB value.

The same situation 1z founsd for w4 and 284-r,
of OC"3 Dy using the microwave value of o=
—0.000328 cm™' and the infraved value of o=
0.001142 cm™? the unperturbed value of &, calculated
from the AB's for w+w; and 2¥}4r j= 000540
em~'. This is smaller than the perturbed value of
e (0L0005896) ohtained from microwave measure-
menta. This result ia, of course, not resl and is
further evidence that, in both 019155 and 1CHE2,
the Fermi diad » +»; and 2:84-v, may he perturbed.

The splitting due te i-type donbling was obsarved
in four #—s transitionz. The measprements werce
not extensive enough to determine the exact depend-
ehce of the doubling constant ¢ on vibrational
guznium number. 1t iz owvite evident, however,
that ¢ is approximately proportional to {r»--1)2 as
expected.
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4. Vibrational Analysis and Vibrational
Constants

Table 1 coutnins & list of the abzorption bands and
constanis which have now been messured for OCS.
Included m this list sre a nuntber of trunsitions in
which the lower state is & vibrallonally excited state.
By using the following combinationa:

{400-000) — (400-100) = 3393.95
—2535.00=858.95 cm ™"
{002-000) — (0D2-100) =4101.387
— 3242 430==858.948 cm!
{201-000) — (201-100) =3768.48
—2909.511 =858.97 em™?

& weichted aversge value of 858954 cm—i is found for
». This is in very good agreement with a value of
550.03 which we have measured on 2 small comm-
mereial graiing spectrometer, The value of »; is de-
termined to 2041 em~! by using (0111-000)




— (0111-01'0). This may be compared with the value
of 521.5 found by Bartunek and Barker [10]. The
2} band has also been measured in this laboratory on
a small commercial ting spectrometer and the
hand center wis foumfrti') be 1047.1 e~ Tha rota-
tionia] striteture of this band was pather poorly re-
solved so that the band center conld only be deter-
mined with eertainty within one value ufy o

Seven absorption bands have also been measurad
and assigned to isotopic species other than OS2
Thesa ara given in tabla 3. More absorption bands
hava been found for OC2S than for OUS*, although
the abundance ratio is 1:4. This is undoubtedly due
tuothﬁ greater shift in absorplion frequencies for
Oneg,
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With the largs amount of vibrational data now
wvailable, it iz possible to calculate some of the
quadratic vibrational ecnatnnta by two or mere inde-
pendent methods. Upon neglecting the cubic terms
(#is) three differcnt values are found for the cornbi-
nation &+ 4o 2. These are —5.37, —5.01, and
—363 em~l. The disapreement indicates that
either the cubic terms must be talcen into account,
or else an unexpected perturbation is present. For
the series »;, 2ry, 3r; it has previously been shown

[2] that only & very small cubie term is required to
give nearly perfect agreement between caleulated
and observed frequencies. Thiy is wleo the cage for
the “hot bands" of these transitions, From these
bands the pertinent cubie constants are found to be
Hea=—0.03 em™! and yp=-+0.01 cm~' Both of
these ara of the ex‘pect.eg order of magnitude. Thesa
are the cnly cubic terms which can be determined
axplicitly from the available data without determin-
ing the unperturhed frequencies of the resonating
vibrations.

One can alio avaluste waricus combinations of
quadratic and eubic constants by suitable combina-~
tlons of the sums of various Fermi resenant multiplets
kut the resulting vwlues are of dulvious accuracy.
Oma such combination vields g4 44t 1he=1.38
cm~! which seems rather large for such a heavy
molecule,

Because of inconsistencies in the values of the
AP for the Fermi resonant bands, it seems prema-
ture at this time to find the unperturbed frequencies
of these vibrationa. Furiher very careful work must
ba done on OUCS in order to nscertain whether sny
further perturbationz are preacnt.
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